INTRODUCTION
Corneal transplantation is a major concern of public healthcare management. In the year 2000, a total of 46,949 corneas were availa ble for transplantation from USA eye banks. Although diagnostic data differ, 22.3% of corneal transplant patients required corneal grafts in 2000 to treat bullous keratopathy (1) . During the past 10 years, diag noses requiring transplantation have changed because of advances in cataract surgery and new indications for lamellar keratoplasty (2) . In 2010, the major diagnosed cause for corneal endothelial transplanta tion in the USA was Fuchs dystrophy, which was responsible for more than 51% of endothelial keratoplasties. And following the same trend in 2011, 48% of endothelial keratoplasties were indicated because of Fuchs dystrophy (3) . As Li and Mannis has indicated (4) , contemporary corneal surgery made a major change in eye banking with the in tro duction of endothelial keratoplasty (EK). In 2005, only 1,429 EK pro cedures were performed in the USA; this increased exponentially to 18,221 in 2009, representing 30 .5% of all corneal grafts in the USA. A trend toward decreased use of penetrating keratoplasty (PK) is also discernible. In 2005, 45,821 corneal grafts were placed; this decreased to 23,269 in 2009 (5) . The trends on EK increasing ratios are still present. From 2009 to 2011, EBAA report showed a consolidated number of 17.6% more EK procedures. Also a decline of almost 34% on PK pro cedures was reported from 2008 to 2011 (3) . This represents the increa sing adoption of EK by corneal surgeons to treat endothelial diseases.
ABSTRACT
Endothelial keratoplasty has been adopted by corneal surgeons worldwide as an alternative to penetrating keratoplasty (PK) in the treatment of corneal endothelial disorders. Since the first surgeries in 1998, different surgical techniques have been used to replace the diseased endothelium. Compared with penetrating kerato plasty, all these techniques may provide faster and better visual rehabilitation with minimal change in refractive power of the transplanted cornea, minimal in duced astigmatism, elimination of sutureinduced complications and late wound dehiscence, and a reduced demand for postoperative care. Translational research involving cellbased therapy is the next step in work on endothelial keratoplasty. The present review updates information on comparisons among different techni ques and predicts the direction of future treatment. The present review analyzes the main outcomes of EK using dif ferent surgical techniques, and discusses trends that point toward EK developments in the near future.
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The pasT: peneTraTing deeply inTo The cornea
Penetrating keratoplasty (PK) was the mainstay treatment of the 20 th century for corneal endothelial disease. It involves the replace ment of fullthickness corneal host tissue by a fullthickness donor, sutured to the host rim. The surgical technique is relatively simple compared to posterior lamellar procedures (Figures 1 and 2 ). Ho wever, good visual outcomes are often limited by high or irregular astigmatism that may require rigid contact lenses or other surgical procedures such as corneal rings, astigmatic keratotomy and excimer laser ablation to achieve good visual results. Corneal curvature and induced astigmatism are suturedependent, so many months are re quired to achieve visual stability. PK can be associated with ocular surface and suturerelated complications. In addition, globe instabi lity can lead to devastating expulsive hemorrhage intraoperatively or postoperatively after ocular trauma and wound dehiscence. In the 1960s, Dr. Jose Barraquer described a method to selectively replace the diseased endothelium. An anterior approach via a corneal flap could be used to trephine posterior stroma, with Descemet's mem brane and endothelium, and replace it with a donor graft sutured in place (6) . Vascular ingrowth at the hostdonor interface and technique in duced irregular astigmatism were major problems and limited its adoption. After this initial attempt to replace PK as the treatment for corneal endothelial cell failure, almost 40 years passed until further changes were made.
posTerior lamellar keraToplasTy (plk): changing The concepTs
A major breakthrough occurred in 1998 when Gerrit Melles des cribed a surgical technique of PLK to selectively replace diseased endothelium while leaving the recipient anterior cornea intact (7) . A recipient posterior lamella with posterior stroma, Descemet's mem brane and endothelium was dissected through a 9 mm sclerocorneal incision. A donor button with posterior stroma, Descemet's mem brane and endothelium was inserted and successfully held in place by an air bubble with the patient in supine position (8) . Mark Terry introduced the procedure in the USA as deep lamellar endothelial keratoplasty (DLEK) (9) . After the initial results with the 9 mm incision technique, Melles et al. published a case report of PLK using a 5 mm incision and folding the donor disc to enable insertion (10) . After that, Terry described small in cision DLEK using a 5 mm incision in a prospective clinical study (11) . The best spectaclecorrected visual acuity (BSCVA) improved from an average of approximately 20/90 preop to approximately 20/44 at 6 months postop, with 56% of the patients 20/40 or better (11) . Astigma tism by manifest refraction increased from an average of 0.86 diopters preop to an average of 1.31 diopters at 6 months, an increase of less than 0.5 diopters.
It was the first successful implementation of EK, and had clear advantages over PK because there were no anterior corneal inci sions or sutures. It was associated with a recovery time of less than 6 months; most patients made a good visual recovery with a predicta ble cylindrical correction (11) . There were no ocular surface or suture related complications and the technique had better postoperative globe integrity. However, the need to manually dissect the donor and host stroma was timeintensive and technically challenging, making adoption by surgeons very slow. Haze induction and highorder aber rations also contributed to low vision after DLEK surgery (12) .
selecTive descemeT's TransplanTaTion
Four years into the era of modern endothelial keratoplasty, Melles introduced the Descemet's stripping technique (13) . In 2002, consis tent results were obtained in 15 cadaveric eyes; Descemet's membra ne with its endothelial monolayer was stripped from the posterior stroma, obtaining a "Descemet roll". The complex was successfully implanted after "Descemetorhexis" to remove the recipient endothe lial layer and its Descemet's membrane, and held in place with the aid of air bubbling (13) . The difficulties in preparing and handling a donor consisting only of Descemet's membrane and endothelium preven ted this technique from being used in patients at that time. After 2 years, in 2004, Melles et al. published his previous Descemetorhexis technique ( Figure 3 ) to prepare the recipient bed for implantation of a manually dissected donor lamellar button with posterior stroma. The recipient stripping procedure was successful in all 10 human eye bank corneas tested and 3 Fuchs dystrophy patients, and proved to be reproducible, quick and easy to perform (14) .
descemeT's sTripping endoThelial keraToplasTy (dsek): a new developmenT
After the early outstanding achievements with DLEK, this new technique involving the selective removal of the host Descemet's membrane and endothelium became more rapidly adopted. Elimi nating the need for manual lamellar dissection of the host tissue made the surgical technique easier and more reproducible. Prepara tion and introduction of the donor lamella via a 5 mmlong scleral pocket incision remained the same as in previous EK techniques. In 2005, Price introduced DSEK and showed that, as early as 6 months after surgery, 31 of 50 eyes (62%) had best corrected visual acuity (BCVA) values better than 20/40 and 38 (76%) eyes had values better than 20/50 (15) . Importantly, refractive errors were eliminated. The mean manifest cylinder was 1.50 ± 0.94 diopters (D) 6 months after surgery, which was unchanged from the preoperative value of 1.5 ± 1.0 D.
Manual dissection of donor tissue with precision and consistency was challenging and time consuming. The use of a microkeratome, described in 2006 by Gorovoy (16) , greatly simplified this difficult step in DSEK surgery that became known as Descemetstripping automated endothelial keratoplasty (DSAEK). Price et al. compared DSEK and DSAEK and found a reduced risk of donor tissue perforation and faster visual recovery with DSAEK ( Figures 4 and 5) , with the same visual re sults after 3 months (17) . Eye banks also started providing precut tissue for DSAEK, making it even easier for corneal surgeons. Terry et al. de monstrated that precut tissue from eye banks for use in DSAEK surgery provides cell loss and visual results comparable with reports involving tissue cut intraoperatively (18) . A recent metaanalysis (19) of reports on DSEK/DSAEK surgery found that the most common complications were posterior graft disloca tion (mean, 14%; range, 082%), endothelial graft rejection (mean, 10%; range, 045%), primary graft failure (mean, 5%; range, 029%), and iatrogenic glaucoma (mean, 3%; range, 015%). Average endo thelial cell loss ranged from 2554% with a mean cell loss of 37% at 6 months postoperative, whereas the average loss was 42% at 12 months. BCVA varied between 20/34 and 20/66 (measured at a mean of 9 months postoperative; range, 321 months). The extent of induced hyperopia was 0.71.5 D (mean, 1.1 D). Induced astigmatism was minimal, ranging from 0.4 to 0.6 D; the mean refractive shift was 0.11 D.
Remarkably, Mark Terry was able to modify some of the major steps in DSEK/DSAEK surgery, achieving highly reproducible results (20) . Using peripheral recipient bed scraping to ensure donor edge adherence and a residual supportive air bubble, the graft dislocation rate was only 1.5% when 200 consecutive cases were reviewed. This technique allowed wellsupervised novice fellows to obtain results very similar to those achieved by the more experienced (21) . The use of donor tissues 8.5 mm and 8.0 mm in diameter yielded identical endothelial cell density (ECD) results after 2 years in a pros pective study (22, 23) . The length of eye bank corneal storage (1 day vs. the standard storage time of 7 d) had no effect on postoperative ECD, demonstrating that it is unnecessary to request eye banks to freshly prepare tissue when DSEK/DSAEK surgery is planned (24) . Also, the wi despread adoption of DSAEK revealed that the use of flawed anterior stromal donor corneas, that were unsuitable for use in PK, yielded results similar to those afforded by employment of standard tissue, when the eyes were evaluated 1 year postoperative (25) . Although the cornea enjoys relative immune privilege, allograft rejection remains the leading cause of endothelial failure in several reported series of PK patients (26, 27) . It was expected that DSEK/DSAEK would lower the rates of graft rejection. In a large series of 598 DSEK cases, the cumulative probability of rejection was 12% at 2 years (28) . A group of PK patients treated with the same postoperative corticoid regimen had a probability of 18% (29) . The probability of a graft rejec tion episode tended to be lower after EK compared with PK, although the difference was not statistically significant (p=0.38).
Concerned about longterm graft survival after DSAEK, Mark Go rovoy collected data on corneal transparency and graft failure in 51 patients over 5 years of followup; 47 corneas were clear at the con clusion of the study. Thus, only four eyes developed corneal opacity due to graft failure and all eyes were successfully regrafted (29) . Surgical correction of residual refractive errors after DSAEK was studied by Ratanasit and Gorovoy (30) , who treated three eyes with LASIK, and two with photorefractive keratoplasty (PRK) 1117 months after DSAEK. Although the visual acuity outcomes were good, considerable cell loss in the early postoperative period remained evident, and the need to improve insertion techniques became important. A 2009 study compared forceps insertion with the use of pullthrough techniques (31) . Also, lenticule folding and unfolding during insertion were examined. The extent of cell loss after the use of pullthrough and forceps insertion techniques was not significantly different when the incision was 5 mm long. The results suggested that the smaller the incision the greater the injury (31) . Another study showed that ECD 6 months after use of a Businglide system were slightly better than were those seen when forceps insertion was employed (32) . A new de vice (the EndoGlide TM ) was compared with the Businglide; endothe lial cell loss was much lower in patients treated using the EndoGlide (25.76%) than in those treated employing the Businglide (47.46%; P<0.0001). Visual acuity values and refractive changes were similar in either group (33) . In Brazil, Pazos et al. showed that ECD 6 months after surgery ranged from 1,305 cells/mm² to 2,346 cells/mm²; the extent of cell loss was 33.14% (34) .
dmek: revisiTing The use of descemeT's membrane
Although DSAEK yields excellent and reproducible results, the search for complete visual rehabilitation and restoration of the natu ral corneal anatomy continued. Melles et al. analyzed data from his own work in selective Descemet's transplantation (11, 12) , solved several major issues, and introduced a new technique termed Descemet's membrane endothelial keratoplasty (DMEK) (35) . In this approach, donor endothelial cells carried on Descemet's membranes stripped ( Figure 6 ) from donor corneas are inserted into the host anterior chamber via a 3 mm incision in the clear cornea. The donor is unrolled using an airfilling technique and the graft incorporated in the pos terior cornea in a manner similar to that employed by earlier endo thelial keratoplasties (Figure 7 ) (35) . Preliminary results showed that this revisited technique not only reproduced the results achieved with DSEK/DSAEK, but exceeded visual acuity expectations. Of an initial 7 successful DMEK eyes, 6 had BCVA values of 0.5 (20/40) or better, and 3 eyes attained 1.0 (20/20) (35) . ECD at 6 months declined to a level comparable to that seen when other EK techniques are employed (35) . Next, the same group obtained extensive data on 50 patients (36) . Of 40 eyes successfully treated with DMEK, 95% had BCVA values of 20/40 or better and 75% had values of 20/25 or better at the 6month followup. Again, the extent of endothelial cell loss was similar to that seen when other EK techniques are employed (36) . Soon thereafter, Price et al. reported on a prospective study with a 3month followup (37) . Of an initial 60 eyes, 26% attained a BCVA of 20/20, 63% a BCVA of 20/25 or better, and 94% a BCVA of 20/40 or better. The refractive cylinder was sustained and the hyperopic shift was 0.490.63 D (P=0.0091). Endothelial cell loss was 30 ± 20% at 3 months and 32 ± 20% in 38 eyes examined at 6 months. Five DMEK corneas (8%) failed to clear; the patients were treated again with DMEK or DSAEK (37) . Initial endothelial cell counts have been comparable to DSAEK. An average ECD of 1,850 cells/mm 2 at 6 months and 1,680 cells/mm 2 at 12 months after surgery was reported by Melles group (38) . The Price group reported a mean ECD of 1,911 ± 593 cells/mm 2 at 12 months after surgery, representing a mean cell loss of 36 ± 20% (39) . It was expected that DMEK would provide even lower rates of graft rejection. The initial reports were surprisingly low, with the Melles group showing a rejection rate of ≤1% despite the use of largediameter donor tissue (40) . Anshu et al. (41) compared the cumu lative probability of rejection after PK, DSEK, and DMEK, using the same postoperative corticoid regimen. The KaplanMeier estimated pro bability of graft rejection was 1% for DMEK, 12% for DSEK, and 18% for PK at 2 years after grafting. Thus, the DMEK eyes had a 15 fold lower risk of rejection than DSEK eyes and 20 fold lower risk than PK eyes (41) . Graft detachment and primary graft failure are the main con cerns after DMEK. In the preliminary results of the first 10 DMEK cases, 3 eyes showed a complete detachment that was managed by removal of the transplant and a secondary DSEK (35) . In the review of the first 50 consecutive cases from the Melles group, ten patients (20%) required a secondary DSEK for failed DMEK (36) . A prospective study with 60 patients showed 8% failures that were treated with a secondary DSAEK or DMEK (37) . When evaluating the learning curve in the first 135 cases, Melles group found a primary graft failure rate of only 2.2% after the initial learning curve (42) . In 2010, Dapena et al. (from Melles group) explored how a secondary DSEK surgery (after failed DMEK) affected visual acuity (43) . Eightyseven percent of patients had a BCVA of 20/40 or better, and one eye reached 20/25, 6 months after surgery (43) . The ECD fell from 2,617±152 cells/mm² before surgery to 1,602 ± 892 cells/mm² at the 12month follow up (43) The work suggested that the surgeon and the patient should both be aware that a secondary DSEK may be required after a DMEK graft failure. Particularly during the learning curve, patient informa tion may be provided not only after DMEK, but also after DSEK. After the backup surgery, good visual acuity levels were achieved, similar to those after a primary DSEK, although these were slightly inferior to what would be expected after DMEK (43) . The evaluation of the learning curve in DMEK revealed a direct correlation between graft detachment and surgeon experience (44) . The detachment rate declined from 20% over the first 45 surgical procedures to less than 4.4% thereafter (44) . Intraoperative vitreous pressure was identified as an important risk factor for graft detachment in different publica tions (35, 36, 43, 44) . In 2011, Dirisamer et al. explored the importance of surpassing the learning curve with DMEK to achieve a low complication rate (44) . After a learning curve of 25 cases, 5% to 9% partial graft detachment was the most frequent complication in 200 cases. After the learning curve with DMEK, it is possible to achieve a low complication rate and ECD comparable to DSAEK with faster and better visual recovery (43, 44) .
hybrid Techniques: joining dmek and dsaek
The literature indicates that ECD is similarly affected by DMEK and DSAEK. However, DMEK is associated with better BCVA outcomes and faster visual rehabilitation than those yielded by DSAEK. Transplan ting posterior stroma results in worse visual outcomes compared to selective Descemet's membrane and endothelium transplantation (45) . Trying to offer better visual results, the DSAEK enthusiast Massi mo Busin created a variant of DSAEK termed UltraThin DSAEK, which reduced the thickness of the donor stromal tissue by approximately half (46) . A microkeratome was used to make two cuts to controlled depths with the aid of a pachymeter in 40 donor tissues. This ad ditional manipulation did not appear to cause extra endothelial damage (46) . Tissue preparation with a doublepass microkeratome can increase the risk of perforation and tissue loss (47) . Some reports show better visual results with thinner grafts (48) , but others show no difference from regular DSAEK grafts (17, 18, 49) . There is no consensus that thinner grafts provide better and faster visual rehabilitation.
Trying to merge DMEK superior visual results with the easier ma nipulation of the DSAEK grafts, in 2009 McCauley et al. described a hybrid DSAEK/DMEK technique, using bigbubble dissection at the central part of the donor cornea, to leave a bare central Descemet's membrane with a peripheral rim of stroma (50) . The main challenge is the donor preparation, with higher risk for losing the graft than with DSAEK (50) . This report was followed by an article by Busin showing that insertion and manipulation of Descemet's membrane with a stromal peripheral support was easier than a regular DMEK graft; the BCVA and hyperopic shift outcomes were very similar to those seen after DMEK (51) .
pure endoThelial keraToplasTy (pek): The fuTure
In 2000, a new direction for endothelial keratoplasty emerged when Nancy Joyce discovered that human corneal endothelial cells (HCECs) could proliferate and replicate under special conditions. Using a combination of growth factors (EGF, FGF, and PDGF) and fetal bovine serum enabled corneas maintained in culture to express the Ki67 protein, a cellular marker for proliferation. Donor age influenced the extent of replication, but even older donor tissue entered the cell cycle (52) . In the same year, it was shown that disruption of cellcell contact was essential for endothelial cells to enter the active cell cycle. EDTA facilitates cellcell disruption by sequestering calcium (which is essential for cellcell binding). Treatment with EDTA (2.0 mg/ml) for 1 hour stimulated 1618% of corneal cells to proliferate. This was confirmed by expression of Ki67 and ZO1 markers by both the proliferating cells and daughter cells thereof. Also, the use of EDTA alone, rather than a trypsin/EDTA solution to digest cells, afforded a good cell survival rate (53) . In agreement with these data, Zhu showed more recently that a group of cadherins and catenins is responsible for cell cycle arrest in HCECs. This result supports the hypothesis that retention of cells in culture for a long time without disruption of cellcell attachment eventually causes the cells to "hibernate" in terms of cell cycle activity (54) . Another report indicated that younger donors should preferably serve as cell sources if endothelial prolife ration is desired (55) . Further, it was shown that removal of HCECs in the presence of an intact Descemet's membrane avoided potential contamination with other cell types (56) . New and valuable information was afforded by several studies that took the work in previously unexplored directions. One great concern has been how to deploy endothelial cells in a manner in which the cells do not disperse in the anterior chamber. The first approach employed magnetic attraction. In two important reports, Mimura et al. showed that it was possible to have rabbit corneal en dothelial cells (RCECs) incorporate iron powder spheres. After titrating the toxicity of the iron particles, it was apparent that the use of 510 micromoles of iron powder solution was associated with good cell survival rate. After preparation as a singlecell suspension, RCECs were injected into the anterior chamber of the rabbit eye and a neodymium magnet was placed anterior to the eyelid. The treated animals recovered corneal transparency within 8 weeks. The control group showed clinical features of endothelial failure (57) . Although data obtained with RCECs are of limited use, since they can rege nerate spontaneously, the study identified a new method by which endothelial cells can be manipulated and deployed at the posterior surface of the cornea. Two years later, the same group reported the 12month data; no noticeable toxicity was evident in any animals from the preliminary study according to ERG, ECD, and clinical ocular findings (58) . However, the effects of iron particles on human eyes remain unknown.
In 2005, three reports furthered corneal endothelial cell thera pies. It was shown that HCECs isolated from donor corneas and incuba ted in a methylcellulose matrix aggregated in a manner resembling neurospheres (59) . The spheres had a high proliferative capacity and were capable of repopulating the posterior cornea of rabbits after injection, with the animals held in the prone position for 24 hours (60) . In a later report, the time required in the prone position (to ensure cell adherence) was reduced from 24 hours to 6 hours, rendering it easier to consider human applications of such treatment (61) . An important aspect of corneal endothelial therapies is the me thod used to harvest endothelial cells. At one point, EDTA treatment, trypsin, dispase, and various mechanical methods have all been employed. Problems with all these methods include yield variability, the need to coat culture dishes with extracellular matrix (ECM), and toxicity. A novel method for isolating such cells was suggested by Li et al. in 2007 (62) ; the usual methods were compared with collagenase A digestion. The latter method allowed collection of consistently round cell aggregates resulting from digestion of Descemet's membrane and endothelial cells. The attraction of using collagenase A rather than dispase or EDTA is that most of the ECM required for cell adhe sion to culture dishes is already associated with the cell aggregates.
Additionally, the cell survival rate was far superior to that when the earlier methods were used, possibly because cellcell interaction was sustained during Descemet's membrane digestion (Figure 8) . It was also shown that brief washing of cell aggregates with EDTA (0.02%, w/v) afforded consistent levels of cell proliferation and migration (62) . A 2009 report (63) revisited the earlier ideas of Mimura. The cited work tested superparamagnetic ironoxide nanoparticles (SPIOs) of different sizes and with various coatings, using the same internaliza tion concept, and titrated the dose, toxicity, and extent of magnetic attraction. The fact that such compounds are already available as MRI contrast agents, on which safety and efficacy studies have been con ducted, suggested that cell delivery using such compounds would be safer than employing the iron powder used in older studies. The SPIOs showed good tolerability and low toxicity at the concentra tions tested. Smaller SPIOs exhibited dosedependent incorporation into the cytoplasm of human endothelial cells; such cells were readily attracted to a magnetic field and were capable of integration and migration to the posterior surfaces of corneas mounted in an artificial chamber.
The effects of cyclindependent kinase inhibitors including p21Cip1, p16INK4a, and p27Kip1 on G1phase arrest of HCECs have been explored. In 2006, Kikuchi showed that a dosedependent decrease in the p27kip1 protein level was evident after transfection of HCECs with a p27kip1silencing small interfering RNA (siRNA). The numbers of HCECs from young donors transfected with p27kip1 siRNA increased up to 144 hours after incubation, No change in cells transfected with nonsilencing siRNA was observed. On the other hand, no change in cell number was observed when HCECs from older donors were studied, suggesting that G1phase inhibition is mediated in a different manner in older subjects (64) . Joyce et al. (65) explored the mechanism of G1phase arrest in HCECs from older patients. The roles played by p21Cip1 and p16INK4a in negative regulation of the cell cycle in such cells were clarified. The number of cells from older donors entering the cell cycle after tran sient silencing using p21Cip1 and p16INK4asiRNA was, on average, 65% after Day 1 (19% in controls) (P=0.03). Also, the total cell number in the p21+p16 siRNAtreated group rose 2.6fold; the control value was only 1.1fold (65) . In addition, work dating from 2006 suggested that p21Cip1 and p27Kip1 expression levels could be altered via the action of a specific protein. The Rho GTPase protein (containing RhoA and RhoC) regula tes numerous effector proteins; a vital signaling role is played by the ROCK I and ROCK II serine/threonine kinases. The use of the selective ROCK I inhibitor Y27632 downregulated the mitogenactivated pro tein kinase pathway, increased cyclin A levels via activation of LIM kinase 2, and reduced p27Kip1 protein levels (66) . In line with these fin dings, Okumura et al. (67) used a ROCK Iselective inhibitor to enhance the adhesion and proliferation of monkey corneal endothelial cells (MCECs). After 3 days, untreated MCECs were proliferating and were enlarged, but were not confluent or homogeneously hexagonal. Y27632treated MCECs exhibited a confluent monolayer of homoge neously hexagonal cells of smaller size. After 10 days, MCECs treated with Y27632 yielded colony areas 1.6fold more extensive (P=0.01) than those of control cells (67) . A similar effect was evident both in vitro and in vivo upon instillation of Y27632containing eye drops six times daily for a week (6870) . Recently, the same group successfully injected a singlecell suspension into the anterior chamber of monkey eyes, to restore the corneal endothelial layer. Cells exposed to Y27632 exhibited good adhesion and survival after animals were restrained for 3 hours in the headprone position. Cells not exposed to Y27632 did not attach to posterior stromal tissue (70) . Immortalization of corneal endothelial cells has been attempted in several ways, including via transfection of the SV40 oncogene (71) , retroviral transduction of genes encoding papillomavirus E6/E7 or Cdk4R24C/CyclinD1, and spontaneous immortalization (72, 73) . Some clinical practice reports have come to the same conclusion reached in the preclinical work. In 2009, two cases of spontaneous corneal clearance after subtotal DMEK graft detachment were re ported. The patients attained a BCVA of 20/28 and 20/20 after 9 months (74) . Similar results were noted in 28 of 36 eyes from patients after stromal gap or subtotal graft detachment. Reestablishment of the endothelium proceeded in an inverse manner in those with subtotal graft detachments, suggesting massive migration of cor neal endothelial cells from the graft to the host cornea, and from the periphery to the center (75) . In 2012, the Melles group described what they termed "Descemet's membrane endothelial transfer" in a patient in whom a graft was freefloating in the anterior chamber. Corneal clearance was achieved after some months, exhibiting re endothelialization of the recipient posterior stroma and suggesting the potential for a "nokeratoplasty" surgical concept in the manage ment of corneal endothelial disorders (76) .
CONCLUSIONS
EK is an evolving treatment that represents a great improvement on PK. During the last 10 years, EK has been shown to be safe and effective when used to treat endothelial dysfunction. DSEK and DSAEK are the surgical techniques most employed today, and yield good results, although DMEK offers advantages in terms of postoperative visual results and graft rejection rates. The use of DMEK and hybrid techniques is increasing and may overcome DSAEK worldwide within a few years. The future of EK is dependent on advances in pure endo thelial keratoplasty. A collaborative translational effort must be made to render endothelial cell therapy a viable treatment alternative. Pre clinical studies have yielded sufficient data to make it clear that pure endothelial keratoplasty will become possible in time.
